Agmon is a small, shallow man-made lake (area: 1.1 km 2 ; mean depth 0.45 m), excavated in the peat soils of the Hula Valley in northern Israel, that was filled with water in August 1994. We followed the seasonal variations in phytoplankton and metaphyton biomass, primary production and related environmental conditions between December 1995 and July 1997. Water temperature ranged between 9.5˚C -30.8˚C; pH ranged between 7.2 -8.6. The algae in Lake Agmon were characterized by seasonal alterations between summer-fall phytoplankton blooms and spring proliferation of benthic algal mats, with a . Only during January to February, no significant changes in DO with depth were found, suggesting that at that time the water column was well mixed. The most salient feature of primary production in the lake was the seasonal partitioning between its benthic and planktonic components. This was most evident in the significant inverse relationship between benthic and planktonic primary productivity rates (r 2 = 0.78).
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Introduction
During the last 80 years, the Lake Kinneret Drainage Basin ecosystems have undergone significant anthropogenic and natural modifications. Prior to the 1950s, the Hula Valley was mostly (6500 ha) covered with old Lake Hula (1300 ha) and swampy wetlands. This area was not cultivated, malaria was common, and water loss by Evapotranspiration was high. Man-made operations in the drainage basin and, accompanied by natural climatic conditions, resulted in modifications of the ecosystem structure. The Jordan River crossing the Hula Valley contributes about 63% of the downstream of the Lake Kinneret's water budget, but 70% of the total nutrient inputs, of which over 50% originate in the Hula Valley region, including the valley and the slopes on both sides (East and West) of it. Old Lake Hula and swamps were drained and were being converted for agricultural development. Years later, land utilization was modified in an operation referred to as the Hula Reclamation Project (HRP) which was improved later [1] . The Hula Reclamation Project included: Creation of a new shallow lake Agmon , renewal of 90 km drainage and water supply canals, placing a vertical plastic barrier along 2.8 km crossing the valley from east to west, maintenance of higher underground water table and functional conversion of 500 ha with lake Agmon in the center from agricultural to eco-tourism usage [1] . The objectives of Lake Agmon creation were aimed at: 1) Nutrients removal from the Lake Kinneret external loads; 2) Producing an ecological component for eco-tourism; 3) Principle component for the hydrological management and agricultural irrigation system for the entire valley. Immediately after filling water in Lake Agmon (1994), it was a subject for monitoring and research aimed at evaluating an optimal model of operation. Optimized model of the management of Lake Agmon took into account the following objectives: improvement of irrigation water supply, maintenance of high underground water table ensuring peat soil moisture to prevent its deterioration, and the achievement of a high diversity of re-establishment of natural flora and fauna emphasizing aquatic birds and their nesting activity. Regimes of nutrient inputs into Lake Kinneret were changed by a decline in Nitrogen influx accompanied by air temperature increase.
Prior to the drainage of old Lake Hula and adjacent swamps during 1950-1957, Nitrogen was fluxed from the basin to lake Kinneret, mostly as high- years after the Hula Valley drainage, the area was successfully cultivated, agricultural products were economically produced, and the nutrient flux into Lake
Kinneret did not threaten its water quality. Nevertheless, as a result of inappropriate irrigation and agricultural methods, the peat soil quality deteriorated by consolidation and destruction. It was accompanied by heavy dust storms, subsidence of soil surface, blocking of drainage canals, enhancement of underground fires, and outbreaks of rodent populations. These deteriorated processes caused severe damage to agricultural crops and 500 ha of the deteriorated land were ignored. A reclamation project (Hula Reclamation Project, HRP) was consequently implemented [2] . The reclamation project (Hula Project) was implemented, aimed at reducing the nutrient fluxes from Hula soil while retaining the economic utilization of the land through a shift from conventional agriculture to eco-tourism. Because of the many implications, of ecological modifications it was accompanied by intensive research to ensure that they are indeed advancing the program's three main objectives: maintaining economically viable agriculture and eco-tourism, preventing pollutant inputs from reaching Lake Kinneret, and conservation of the region's unique and fragile ecosystem.
A research was carried out, aimed at several aspects of ecology including this study of Periphyton Primary Production presented in this paper. Lake Agmon (Figure 1 ) receives its water from the Jordan River, which brings low-saline, P-enriched water originating from Mount Hermon. More saline waters that are also enriched with sulfate, iron, calcium, and humic acids flow into the lake from a canal that drains the peatlands north of Agmon [3] . Additional input of peat waters is via groundwater seepage [4] . The impact of the Calcium (as Gypsum) rich input water inputs is known to have an impact on "Calcareous Periphyton" [5] .
A multidisciplinary monitoring program initiated in 1993 was designed to characterize water quality in the Hula Valley prior to the creation of Agmon, and then to follow the development of Agmon from the day of its filling. The program was aimed at learning the biogeochemical structure and functioning of this new ecosystem, and providing the scientific basis for its future management.
In the course of this program, the algal populations were found to alternate seasonally between phytoplankton dominance in summer-fall and phytobenthos dominance in spring, and they reflect hypertrophic conditions [6] . The annual cycle went through three distinct phases:
1) A clear-water phase with low algal biomass, from January-February;
2) A benthic mat phase or, according to the terminology of Crumpton (1989) , a metaphyton dominance phase, from March-June; 3) A phytoplankton bloom phase during June-December [6] .
In this study, we investigated the seasonal dynamics of photosynthesis by those two algal groups: the phytoplankton and the metaphyton.
Methods

Monthly Sampling for Algal Biomass and Associated Field Measurements
Water samples for determination of phytoplankton chlorophyll a (Chl), primary production, and dissolved oxygen (DO) were collected monthly from December 1995 until July 1997 with a Van Dorn sampler from a mid-water column depth at station 5 in the southern part of Lake Agmon (Figure 1 ). In 1996, water was also sampled at station 2 in the northern part. In 1997, station 2 was replaced by station 1, further to the north ( Figure 1 ). During transportation to the lab, water samples were kept cooled and in the dark. All DO analyses were completed within 48 h. At the time of sampling, water depth at the sampling site was determined, and depth profiles (10 cm intervals) of temperature (YSI model 54RC) and light intensity (Li 1858, Li-Cor light meter) were recorded. Water transparency was measured with a Secchi disk [7] Samples for the analysis of benthic algal biomass (as Chl and dry weight) were taken monthly at station 5 during the metaphyton bloom seasons, from March to June in 1996 and again from February to July in 1997, as well as at station 1 from February to July in 1997. Due to pronounced spatial variability, 5 replicate samples were taken for biomass estimates each sampling time. In 1996, samples were collected with a sharp-edge metal hollow cylinder, 42 mm in diameter. In 1997, the bell jar (diameter: 22.5 cm) used for measuring benthic primary production (see later) was used instead of the hollow cylinder. All benthic algae contained within the bell jar were collected by sharp knife.
Diel Changes in O2 Concentration and Temperature
From January to May 1997, diel cycles of water column temperature and oxygen concentration were measured monthly at stations 1 and 5 using the above YSI oxygen and temperature meter. Measurements were taken from the top, middle, and bottom of the water column, 5 times during a diel cycle, dawn and dusk were always included.
Biomass Determination
Phytoplankton-Chl concentration in water samples was measured fluorometrically [8] . Water samples (10 -25 ml) were filtered onto GF/C Whatman filters. For dry weight (DW) determination, the washed metaphyton was weighed, dried at 105˚C for 24 h and weighed again.
Primary Production
Plankton Phytoplankton primary production rate in the water column was measured monthly using the in situ light and dark oxygen bottle method [8] . Three sets of Triplicate 60 ml Pyrex BOD bottles (Wheaton) were filled with Agmon water from the same sampler used for collecting water for Chl determination. Oxygen concentrations were measured by Winkler titrations [10] . The bottles were filled with a Tygon tube that reached the bottom of the bottle and were allowed to overflow with 3 times the volume of the bottle before being corked. The 3 bottles that served for determination of the initial oxygen concentration were immediately fixed by adding 0.6 ml of Winkler reagents 1+2. The light and dark bottles were incubated in situ at the original depth of sampling (mid-water column) for 1 -4 h, according to season. At the end of the incubation, the bottles were retrieved, placed in a dark container, and immediately fixed as above. After fixa-Open Journal of Modern Hydrology Y. Yehoshua, M. Gophen tion, all the bottles were kept in the dark in an ice box until arrival at the lab for determination of DO concentration. In the bottles to which Winkler 1+2 reagents were already added, dissolved oxygen was determined by adding 0.6 ml H 2 SO 4 concentrated acid and titration with 719S Titrino Metrohom instrument.
Calculation of planktonic production was done according to Wetzel and Likens 
Benthos
Benthic oxygen production or consumption rates were measured monthly at station 5 from March 1996-July 1997, and also at station 1 from January-July 1997, by following the changes with time in oxygen concentration in a bell jar system The bell jar system for measuring benthic algal primary production is a closed system made of a PC 250 mm desiccator (Nalgene) from which the bottom was cut off to allow its insertion into the sediments. Inner tubes and a hand pump were added to create inter-turbulence as well as a 60 ml plastic syringe for sampling. 
Results
Water Temperature
During the study period, water temperatures ranged between 9.5˚C (January 30, 1997) and 30.8˚C (May 15, 1997) (Figure 3(a) ).
Transparency and Light Penetration
The seasonal changes in Secchi depth (Figure 3 
Diel Changes in O2 Concentration and Temperature
At the beginning of the sampling period (January 1997), the DO concentration 1996 and April 1997, respectively. In the 1997 measurements, the biomass of benthic filamentous at Station 5 was 50% lower compared with 1996. During the summer sampling (both years), 95% and 92.5%, respectively, lower values were found.
Biomass
Primary Production
Plankton
The rate of phytoplankton primary production in the lake was characterized by a seasonal cycle. The initial primary production values measured in •h −1 from May 1997.
Benthos
The dynamics of benthic primary production were inverse to planktonic primary production (Figure 3(d) ); when planktonic production was high, benthic Primary productivity values of the benthic algae were corrected for plankton production but not for oxygen demand at the bottom. Therefore, values may actually be higher than those presented.
Oxygen demand at the bottom during a period when no benthos algae were 
Discussion
Primary production is the major biological process in ecological systems playing a crucial role in their maintenance, stability and sustainability. The seasonal and inter-annual dynamics of photosynthetic components and their biomass serve as indicators tracing seasonal patterns and long-term trends in the ecosystem. Two main algal groups functioned as the main components influencing the seasonal dynamics of Lake Agmon: the phytoplankton and the metaphyton. 
Y. Yehoshua, M. Gophen
The dynamics of the phytoplankton and metaphyton are controlled by seasonal changes in radiation, temperature, and nutrient levels which determined the outcome of the competitive relations between these groups, and by their interaction with respective zooplanktonic grazers. The annual cycle of both components in Lake Agmon was first indicated by Zohary et al. [6] . The present study describes in detail the seasonal changes in biomass distribution and primary production between the benthic and planktonic components.
Phytoplankton dominated the Agmon algal biomass in summer and fall, and its annual course was the opposite of that of the benthos.
The metaphyton bloom developed according to the following pattern: the benthic algae became visible in February, and its cover became increasingly conspicuous during spring, until peaking in April. The relatively large standard deviation apparent in the biomass data of the dominant benthic algae (Figure 6) illustrates the patchy distribution of Lake Agmon metaphyton. After that time, a process began in which gas bubbles became trapped underneath the mats and caused parts of those mats to detach and rise to the surface. The source of the gas bubbles was photosynthetically-produced oxygen at super-saturation levels. This phenomenon was noted by others [12] [13] .
As water temperatures increased, the water became super-saturated with oxygen at a lower concentration. In Agmon, water temperature reached 30.8˚C on May 14 (Figure 3 ), high temperature, and high oxygen concentration levels at the surface, resulting in free radical formation and death due to photo-oxidation [6] . Furthermore, the floating algae caused strong shading and reduced light penetration to the bottom, which further enhanced the rate of decay of the remaining attached mats. This phenomenon is characteristic of metaphyton elsewhere in the world [12] [13] [14] [15] . In temperate climates, during cloudy days with low productivity, bubble production is reduced and the mats sink [12] . In the Hula Valley in spring, however, practically all days are sunny and the mats remain at the surface for days. The death of metaphyton and their subsequent mineralization releases nutrients to the water. Of these, as is typical of many peat lakes, nitrogen is in excess of phosphorus, and indeed, the phytoplankton bloom in Lake Agmon reflects phosphorus, (not nitrogen) availability [6] .
Biomass and Primary Production
In order to evaluate the relative contribution of the two algal groups to the total biomass, timing integration of a full year cycle was evaluated. Our findings indicate that although the period of the benthos bloom was relatively short in comparison to the planktonic algal bloom, its contribution to the total chlorophyll (Figure 3(c) ).
The findings of our study are similar to those reported from the Everglades, also a peat bottom water body in Florida [16] [13] . In Lake Manitoba, the phytoplankton contributed only 1% of total Chl, whereas in Lake Agmon it ranged between 3.2 and 802 mg•chl•m −2 and contributed over 30% of the total plant biomass. In addition to the biomass ratios described above, we attempted to quantify the relative contribution of the two different algal groups to the total annual algal primary production. The annual phytoplanktonic primary production during the study period was •year −1 at the same stations. These data shows that even though the benthic primary producers are active only during a relatively brief period (March-June), their annual contribution to primary productivity was nearly equal to that of the planktonic component. It is noteworthy that excluding the Typha-induced respiration discussed below; a significant fraction (~72%) of the benthic annual gross production was consumed by intense respiration.
Our results support the findings of Robinson et al. [13] working in the Delta •h −1 measured on November 27, 1996, was supposedly contributed by the flush of respiration induced by the availability of substrates after the Typha domingensis collapse that occurred around that time [19] . Nevertheless, other studies [20] [21] concluded different causation for the Typha die-off, nutritional (Phosphorus and Nitrogen) deficiency. However, the total collapse of a large biomass of rooted vegetation, mostly Typha domingensis and associated plants, made a massive amount of decaying plant material available as substrate for respiration, thus explaining the peak value measured in November. This value far exceeded that possible for respiration of the algal benthos alone. In this context, we considered the contribution of two different algal groups to the biological and functional activity of a water body. Primary production values obtained in this study were analyzed by three aspects: time sequence, biomass and ecosystem functioning. This finding emphasizes the relatively large contribution of metaphyton population blooming during a short period to the dynamics of the Lake Agmon ecosystem.
Conclusive Summary
We propose that the seasonal shift of dominance between phytoplankton and Y. Yehoshua, M. Gophen benthos is directed as follows: benthic algae, whenever present, will outcompete and exclude phytoplankton by sequestering available nutrients when these are relatively plentiful, while phytoplankton prevails under the lower nutrient concentrations in summer [1] . It is plausible that there may also be allelopathic interference of the benthos with phytoplankton proliferation. Such cases were described in relation to allelopathic interactions between submerged macrophytes (Chara) and planktonic green algae [22] and between phytoplankton species [23] . In the summer, as temperatures rise, the metaphyton canopy collapses and decomposes due to photodynamic damage and the resulted free radicals. Mineralization of the algal mats releases nutrients and their disappearance makes light available, setting the stage for the ensuing phytoplankton development.
Recent data of routine monitoring program confirm conclusions about phytoplankton spatial and temporal density distribution [24] .
